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*&&mi£ZtiZftl<om* Ti, Zr 4 Hf. Nb, 
Ta, Mo, W£>£t,>teS i (D*J>ft< tb— ^£^r*T 

£f£ 2 <£>/!, R^m^WT^^3(OJi^ccoiIl«:W 

[»#ffl3] swaari©)i^w-r&»i<DtBi?LRc/«r 10 
[««S4 ] mem i2ac^2oai?L«sc*«:a«c^ 

[«*S5] iiufBf&2cDJite, Ti, Zr, Hf, N 
b, Ta 4 Mo, W*-5UJS iO^<ifc-^§ 

«rr***r* *ft#3i i Ets©Jffla*«T*»JStt. 

[«3jSB6 ] iwfBS&2<DJIt;i:, HulBT i, Zr, H 
f , Nb, Ta, Mo, W£>£l>«:S i0^i< <h4>— 

[«*H 7 ] fylBSfl 2 ©JlttW<DBMi3»*fttfW#« 

im^ms ) wmmzcomoimz&i nmw±5 o n 

m«Tr**»*3B 1 IB«CDlffl?L^W*r^^^<*o 
t»*3B9] 89E»3©JlW:Ctu lt#M. Cu^ 

ffl&m 1 0 ] wEJt&IKft. A g s A u , Pt, P 
d, Ir, Rh, Os, R ur&£ft^9iBl£<D*I?l 30 

[fi*a 1 1 1 tt«B*»»W»», ^^rO, s 
i, InP, G a A s , GaN, S i G e &61USG e 
■C £> *f»#ffl 9 iBi&<D*ffi?L* W*T £«ti&f*« 
[ 1 2 ] MEAT 2 CDH <D Jl £ it® IBSH 3 CDJ1 CD 

[W*H l 3 ] 3TE&2 <om<om Zumtzms ©Ji© 
[»«3B 1 4 ] ffiTES* 2 (DJf teifiifal& 1 aCJf* 40 
[»3#B 1 5 ] n$Vg 1 CCiBtgCOBrfiaiffl?LrtCD— 

SCcIBKcdtvW;*. 

[»*9 1 8 ] ffl?L«:W-rS«3S(t©»»*tt'r*'o 50 



«f§| 2003-25298 

2 

-C, TJU5-*A*itftr*»l<Z>«, Ti, Zr, H 
f % Nb, Ta, Mo, W*£C>ttS i <t«>— 
^*91*-5»2©H, »tf»mtt£*r"r*SI3©JB£ 

corner zmtzmxtziM. hewi©jb*im 

KffcU K»l<DJlCc»l©lffl?L*JBS6-r*XS, St>' 
ISm 2 (DJgfcJB 2 <D*ffl?L£Jft0<;*r ilB* 6 C <h t 

HBSQBi 9] mrfBmi©lffl?L«r;i/5^^^^-;i/ 

& 

[»3R3H 2 0 ] BijIBm l (D*ffl?LS^m 2 <Dffl?LttS# 

oti^M«ai 8satt©iai?L«:W-rs«fi(*©«jfi* 
& 

[»J#B 2 I ] HufBfS 1 Rtf * 2 ©IBBLttEOKSfc 

IW*B2 2] WE3I2 Ti, Zr, Hf, 

Nb, Ta, Mo, Wfl<«S i ©iMfc < ifc— 

*WT*^*^:«w©M{k«r**«*3Si 8 fats© 

[W*52 3] mriam3cD@«, Cu, S^Jl, Cu 
[««ffl2 4] St(iam2©JlCDil$«BUlB^3CDJlCD 

/»3 j:o t>wi»»*3a i 8f2tto«?L*w-rs«jfi*© 

[f»«3B2 5 ] mmW2<Dm<DB2&l nmHi5 0 
nmOTr*6if*^l 8IB$gCOlffl?L^WT^>»3S#o 

[«*3B 2 6 ] tuiB^ i ©»©sB«:i?aia*jB«'r ^ 
?m 1 8EttoiBia*#r*«»*owt*tt. 

[«*3B2 7] BfE»2©3NBa^flt-r*Xg», BU 
E9 1 ©JfflaoKSB* x v * > y -r £ x * * > ^11* 
Wr&M*Bl 8E«©tBa*W^&^»©WI«r 

l§*^2 7iEt8©tffl?L«:Wr*«Ja#Oll5S^*. 
[«*3B 2 9 ] S?IBx *y ^ > ^XfKDHU *> U < W»tc 
T--iVXe«rW^&W*S2 7 ^/c«2 8IBK©$ffl?L 

[ tfl*3i 3 o ] mnss i <D^a?Lfe j: 2 ©*ffl?irt <o 
1 8 E»©«a*w^ ^its^^i^^. 

[»*S3 1 ] WEtmaWfeKtm, *«<**f»*S 
[0 00 1] 
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[00023 

X<DVm# 1 n m#» 6 2 0 0 n mCDif W X^rWT 
[0 00 3] t^MN^HtlBeFt^S® 

©iSSffifb) #^r**^6r*sc£tt*»r*s 
[0 0 04] ^ ^*jS*ofHH*ffi<fcl/r tt. /c<h* 

[0005] issumtji^mt ir, e«5«c«jsES4ie 
[0006] aaa«wtc»jER3n-5«F»ttaBeowi 

R. C. Furneaux, W. R. Ri gby&A. 
P. Davidson "NATURE" Vol. 3 3 
7, P147 (1989) . 

[0007] &lt % mamwnftT* s tsi^sot 

(*si*«BI) ±fc* BflMMfcyjus:*-:^ 

«5A«^BH4«JB«*rH«SI{k'rSi, ^?LStB&{bJg 

H8A*c;bor. 1 14l*^^*-ik 

1 1 5»na>fUR. 1 2 2«/<«;r»r*&. ft*. 
Mynitt, HS^fbMi 1 5 ©ffl?L«<Di£ffl«:?ME 

[0 00 8] i8Btt mWLCOA 1 H«rjft**t?l»flS 



(3) #§§2003-25298 

4 

^(D^m«, B8ACCiS-r<fc5«:* IS(2r) tfftn 
mHKl OOnmOffi&rSM&Rtttt*'*-^ (ffl 
K) 114^, ai0nm-ai0 0nm«(2 

r) wtfcciwjr&tc^ttawttft^ffjwijfi^w 
#K*6tiri>s. 

tt*jplfflLyt«Btor©jsra^. «K*iM«ur7 

jWK#6tiro*. S^fflSL M I M*T*«£<Z> 

i^f^*^, ^y*-Ji/*fb^SS5»iUrffli> 
S»^*>if-ttt*^*ffl^©jcE:ra**Jt8fiF3tiri^. 

20 ft*, ^^*-JWCMUr«, M B*WfflT 3 1, 
49 3 ( 1 9 9 6) CC#lA»IEtfc&**£. 

[ooio] o*»u fiefcoBSWfcr^?^^^*- 
ii/Bccft-rsx^wtftortt, Httcoas (a) *bi 
8 (B) (C7n*r<fc^cc, tji^-^aki 2 1 (&ao 

ttTJl^-^AJ^l 2 4) CCH6tiri»fcfe«b, ±IB^ 

-/ * - )vm *«a 0 tc * a * on Ate tsag * ft sors # 

[0 0 1 1 ] 

[*w^»»tb<fc5 i"r*SRB] *cr, *«wb, r 

[0012] 

[HH*»*^*^i«>©*S] *WH«c«4HHFL*WT 
S«m»«, y*3**d#«fiS3tl£»l<Z>», T 
i, Zr, Hf, Nb, Ta, Mo, W*Sl»«S i <0 
40 ^<ife-o^WT^2CDjS, 

ffl?L*WLro&c<fc*«F«tr*. 

[0013] ^JWHKWSIIHL*** S»Jfi»0 
Zr, Hf, Nb, Ta, Mo, W**C»«S i O&tt 

< tfe— o«:#wrs^2©©, Ro*^t4^w-rs^ 

3<D^^CCDJ(gicW*rSa5«^ffl^t-SXfi. gEmiCD 
®^^E^fbL, BE»lQJi«:»10«?L«r»J5S"r*X 

50 ^Ci«iiT5, 
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[0014] 

[00151H1 AOTlBttO, .HI B«. .H.l A_ 

ttffl?L 1 3 «T i , Z r , Hf v N b , Ta 4 Mo, 
W^>^>l^JS \ O'pts: < t b — ?*^mSrZ>^2<om. 10 

[ooi6] *miic%z>mmi*<D&mz* m i mtm 

«jt« I c pfr££ffli>T##TL/ctf^t, iuiatmfc: 20 

»-r^n^fitt:^2 0^— fe> h«±*srs»fl»* 
[0017] **5Bcc*jiir». mmmzzmi 

[0018] **98K:*5ttS3m7L*W^"S«Jitft«>aS 
«1$m^3*i£fcOTtt&l>;^ 5nmJU±5 0 0 n 
mJ^T, ^0<«10nmWJ:200nmOTr* 

* e kt, r«»u&*rr*i»js#j towmicRit 30 

[0019] fcTF, Miam 3 

[0 02 0] m^2<omt{t. Witf T i . Zr, H 
f % Nb. Ta, Mo. W&*t>ttS i ©d>tt< 



15^20 0 3-2 5 29 8 

6 

isnfeis* BMk«, «A«$>y^f> (w) <om 
©tMt «c <fc & <b , m$m2<om\t* mm i<omt<Dm 

ga»3©lli©fi^SStt**«>5il^»**«*4C<b 

31 1 on t mmtcffim&itfim £ nt t > & c t &c@b l 

[002 1 ] «am2<om<om^t. KtcRssn^fe 

<Dm<om2te* ma»rioji©ws«fcofewc»*>©r* 

msm 2 tomtoms i*> mmi& 
ft, Mizm2<Dm<Dm2&. mnomm (mi sco2 

R) <fc*)t>Sftv##«fcl>. 

[0 022] HWBfB 1 (DHi^2 © 

tvCtlft 1 OlIBL »2©*m£Ufc*te«:tt, 

ia^2CDJiCDJl$«, (ilB©R) <i:0fe 

[0 0 2 3 ] |tfia^3(OJi«, Cu« g^I, Cu^ 

Si. InP, GaAs v G a N, SiGe^SlW 

et*5 fl Miai?3<D[i^«^-r^ttl4<bur^g^ffi 

mrzm&babz. mm3<Dmimmxi>£i,>is. s 
©» 1 2 , 1 1 attK^mttSrW-r ^> 

iSabiitfii^tt^ »*«tt*J»T»»«:»C u^»Pt 
[0 0 2 4 ] H 1 BCCfctt^Sfil 1 <hUr«, MA 12 

^f^^gts. ^mss, 

[002 5] (Iff 2 <Dmm&1& : tffl?L^WT *»JS»© 
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[0 02 6 )i3A«, H«MffcXgSJ©«ateS©Kffi 

i, Zr, Hf, Nb, Ta 4 Mo, W&St^teS i <D 
^ft<<fcfc-o£S«T*fS2©»5 l, SV»«tt* 

wr^3©i i 2*c©jaecwrsaM*5 s^flas-r 

£ (181) . ft*. H3ACC*jC>rtt»«5 5 

i i±(c^A3tirc»&^ a«»^aftfeo-c«ft< 
[0 02 7 ] ^cc, 03B^*r<fc^ic, iiuiagnon 

&^20Jf£nMKfbU taw.****** (II 
2) o KIEI«:*C»T> 15tt, ffiWDT J**& 

{tm-C&Zo &tc, 5 3it 1fri6ffl2<DJI5 1 ZmWM 

3-T MB0ft^«d^*«. H3B«:*j^r 

te, SSlt^^^btl^, SlffB^{fc«M5 3 
2>*giSl/T<r>&t§£«:«, x?^>^mft<!:fc:,££i£ 
fb«K5 3(Dl»*xe (183) *ft5C£&m*L 
IK ft*, Xg3tt^*tcKi;rtfiLtfJ:< . &m<DX 

[0 02 8] ±i2»fb«S5 3*Jaai^c^^ 

[0029] ft*, xy^>^«iffioar**c»tta«:T 

1 0 0 *C1U± 1 2 0 0 °COT<DlfiHrtf Hi tfnJUfi 

r&& 0 ioo 'ctLbcDT --ji^Rct^rr*)*^ 
iSr^^ci^ jgteiKt»fflS©T~-JWTl»«tttfb 

«H!3*i/d«f bTJU ^ *Dttlite*lStf>* C 

So ±iB©T^-JWJ&ffltt. Xffi4*£*JR*<fcEWStt 

^Xfti'OSTctt^HSv^-Ctf 5C<fc#r#£p ffl&s 

[0 03 0] £/c, HBftflBSftSfHSLfca. S*®£0F 
B, VffiO, *5l>ttCMP (Chemical Me c 
hanical Polishing) &'<=r5CtbV 
*HJS»«{C*l*TW, hJIBS 1 (DM 5 2 OCjfcfiS 
3ft6Jfn<D*ffl?L5 6<t, mriBS?l2<DJf 5 lCC^flESti 
£f&2©tffl?L5 7ttR#T>T^*o «ri3»lSCX»2© 

$ffl?Lo^«, [o) — sc^sft-3-cc>r*>J:i». 

[0 03 1 ] C C V miZm 2 <DJ1 5 1 Ti, Zr, 
Hf, Nb, Ta, Mo, WgL < ttS i < <h fc 

M 1 2 «, C u , KfelK, C u «*B*$ 
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[0032] Biriasfi 2 ©Jia>«s m&m 3 

lnmaiSOnmHKftSCi^. 
[0 03 3 ] /ciittf, A~10B£R6 6 0 - CT«fc& 

ft^rrsjrffiffi-rs/c&cctt, imtt£©««±oc»ffiM{b 
[0 034] BffiKfbr^s**^*-;!/*: 

ccSttnitBftWSMfbr^ 

EtfaciMHfir**. ft*, *5iJ6JB»«:*i*r 

to 03 5] *S8»»««:*ws. WffiMfbT^s^^ 
-/#-*B\ A l«:*J5S»fr*Bt«r»ffi«lfbU. 

fbU atWft«IH"C»ffiBMb*»70. -e<z>«£*ccjs 
[0 03 6] C(D/cfe, f y*-;Wg£B«:29^tt^T 

30 ifenaffi^rmjlUT*0, -e©^^*-^»jeas*r 

^ ^ # - iW ias^tt^^rife/i i <o^m CC®^ftg 
^■^acitcj:^ »ffi»fbr^5^^^*-;i/ 

[0 03 7] r jus A«^©3a*W»±cc»ffiK{b 

2 7 2 6 5 1 #^«^W&nS. I^I<2^StC«, S i S 
40 tfe±«:A 1 tttZBOLLs ISA l R&MttK<bS(cffiftO 

rtCCSmU/cS iS«±CC^JH^ (Au, Pt, Pd, 
N i , Ag, Cu) Zl&f&L. VLS(Vaper L 
i q u i d Solid) ffi«:<fc 0 S i tftftl$A£J$£ 

[0 03 8 ] C0Si^r» t t^-MSil 
SoaM^"CM®$Hi--5/c^«:, A 1 R«n&BKbfS. 

^ y ^ - j Hgo «j r m % Bfc* -r s x m * t f r c . 

50 »ffi«MU*7«CCS iSS<b 
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WHtzi&T Ltcmmm, is 9 b «^<d^* »; 7 m 1 2 2 * 
1 1 4ii:r>'*-;k 1 1 5»nsBMbR* 1 2 

5t*^ f ;mi&£a$£;^o 1 2 3teSSr&£„ 
[0 03 9] 0*>U *»M*6^8aE»W0fciC 
5, BffiKfbXSftCC. ^ ■! 7M<DIK£XS«ff *>t* 

[0040] «t, ±saxsccH or*(twecBMB-r 

[0 04 1] (a) mfiBX^l : f&mxm (M3 A) 20 

mm i i±k, «mtt^r^MiB^3(DJli 2. mrifi 

m 2 COH 5 1 , iiuf 1 C0H 5 2 LK»*f¥ 

K-r&o cne><DHcD^«, stajjn*^*, ebi 

CVD*«D«>i'rSffi*©J5HK*ffi3&« 

[0042] Htrfas« i i > aows ©jb 1 2 <t 
zz>„ mum 1 on 5 2 i w, mtfr^si^Afe* 
tr^^^A ^r«^7c^ cc w o r t > n tf J: < ft© Writ 30 

[0 04 3 ] liiFlfiJg 2 4>Ji 5 1 , m«T 

i. Zr, Hf, Nb, Ta, Mo. W*^l>»Si© 

[0 04 4] SrSS»2<DJH5 «ptC|R5eSti 
£ fc<Dr littl^ 1 n m6Lb 1 0 0 n mfiTF. iff £ 0 < 40 
» 1 nm«±5 0 nmKTt*5©*sJ:C*. MfB 

[0 04 5] (b) 8WBXg2 : MSBtfbXg 

±8BS»4ccBaHifc«ia*ff^cir, ##MHec«*fli 

o-«*«r«wa'c*s. so 
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[0 04 6] 04*. 6o«ti^r^>o. eiitse 

6 2ttP t«ft£©*tfilS«. 6 3ttWBfflL 6 
BffiK{b«££®J5£T &*flttt. 6 7 ttK»*Jl> 

[0 047 ] Kf*6 4 :teJ:tf>tfftmf§6 2 «\ tlffl*« 

<fc«3MPh 3*fii«Slffl«:«ff*EnaiTSCir»ffiM{b 

[0048 ] nWfb<cm>£flMHKt2. fc<h;U2> ^ 
*.*>M 9AM. VSR* 

ttttK, K^OE (60V-) -ecDK<D 

[0 04 9] *fcT^3— Wittfx^fy— v 
t;i»r - ;i/«r 3 %K±WB«K:8^f S A 

&n f b^fiief b r s mfiiffi & * - 

[0050] ccraflffljfbjtaatc^i^rffa-r*. h 

5«Ctt*«<OT«W (BP'S. H3ACC*$W*»3<DIB1 
2 ) %flat^»-&©»a»fb«F©««^n y y A >\,*m 

-To 

[005 1] C C-tfEXtt ^©SSOXWlttlBTflW* 
SiU, *0«Alli5 2tfi!Mir, mffB^3<Dni 

fis^fb^T ^WA l ©*BJ^BMbSnrfli««:« 

(05©72©W>h). C C riEHl«cMfb«»*afJ 

[ 0 0 5 2 ] -e l/r»fi»{b*J|JiB»3©H l 2 *-CfiJ 
a-T&i (i5©73©#^>h) , mrlBTifeilOffl^ 
Cctttap-r** 5 - A 1 ©BMb^««HK*^©A 1 J*^ 
(DWM&Wffl $nt WKfl44C^ > r ^> (I35(D74<D# 
^>h) 0 L^U, C©**»fiM{b*«ltt'rait}SB 
^3<DJi 1 2#*»SHCJ8U ti^CCj:or«7Kom^, 

S$ntL^^o <fcot, f»B*3<0»l 2*CgfMUA: 
<h£&C, ^tC7 2^-/>h©fiKeffl«C»0r5%«±<D 

saiaT^m 6n/cit &c&§g® f b^3^7 r ^ <t -/ # 
BotmfcMfbft^ssccffaE-r-sis^ (cu«c^> « 
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(7) 

n 

itnmn'piP'prj:^ (050(b)). 

[0053] *mmmmic*s^x mm^m-r^m 

30l*^lS^i^ l^S£{b*GJIU ra&iSfbteJI 

(DfeTz mm&it<Dmm&it& * ~ z - u & # 6 &§@& 

[0 054] A l^<h|yiam3 6jil 2 (E^Kg^JI 
(IP^ S3 A£>!fl2CDJI5 1 ) iltTi, Zr, H 
f\ Nb, Ta ( Mo, W. S i <D7tm*^ts¥-mfc. 

^^o^w#e»fi^^iw:^^o cn«, Suisse 

<liln m—5 0 n mil^fiu. 
[0 05 5] C©ft^H*«»ffittft3n-5i^-/*-^ 

*SWJKOH^N 20 

[0056] m&m&ffl&^B&ic'btm'rz&x ? * 

>^jffll«:J:otH l Btc^r<fc5«:»fiBKbK (Sn 

* - jug J: 0 »T/Jn $ l »«»#ft*piJtBr * -5 □ 
[0057] {BO, ±gB©**SffcttA ljg52 CDPiffi 

fc* ^*:£TT»ffiBMbrs<fc9W:. K»^*¥«ck 
*«{fcSft«:<i,*feJSMB (Wl«Pt«c£) Ki'J5ib/c 

as? «: » saw baa * ±«> s © <fc 1 » . 

[0 0 5 8 ] **?s<o»ffiMfbxetc*ji*r», fr§B& 

l©JB5 2*±BffKfrfcO«{fcTSC£«:&^ »& 
BMfcaPA l asfflrt»6ifMTU 3&*tt«tJ-Si&3©» l 

2 *r»i/fc»ccB. nffiffifb^tc^fb^men^/c 
Kfb®3E©EP»n*i*7-rs*iJK%rsc<b^r#s. c 50 



2003-25298 
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©Office J: 9, SftttraKfUB^-C**. fILC© 
®fi^fb^^DT^tc«A 1 coBSMfb^*— tcJitf -r 

[0 06 0] fcfc, WafflMkftff^Kite^^r. SviBSI 
« % S6K^T<£5fc:, fg2<DJi (J8-&J1) 

5 2tt7A'5- , *ABL 1 3 3«DaftffMO/c^CCA£ 

-~>^3n/cMfBi&2CDjir&s 0 »f*>^ti^cc«, 
>b--Axn--, mfflc^ciw^s. &tt s mi 
-v$>z> 0 ) ^mmotc^ mmitfmmzn 5 c t 

[0 06 1 ] (c) mriaxfg3 : s.9*>tf#m 

*cc»-rxs^>rii/*ytt*iBE (koh 

Si^ci') cc«rxe*«aW6ft*. «F«:W*Hug3»2 
<DJi 5 1 (cfflc^»^cc«r^/; u »iBBaffl^»* 0 

zmirfzctifivsz. mum. ummi* mm, ccj: 
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